Field experiment was conducted at Indian Cardamom Research Institute, Regional Research Station, Spices Board Kabi research farm North Sikkim to find out the effect of Boron nutrition on growth, nutrient content and soil fertility status of large cardamom. The experiment was laid out in RBD comprising seven treatments (T 1 soil application of borax@2.5 kg ha recorded highest nutrient acquisition However, its effect was statistically non significant on K, S, Ca, Zn, Cu, Mn and Fe content and significant on N(2.59%), P (0.18%), Mg (0.39%) and B (15.45 ppm) content in leaf.
INTRODUCTION
Large cardamom (Amomum subulatum Roxburgh), belonging to family Zingiberaceae cultivated in Sikkim Himalayan region since time of immemorial and is believed that large cardamom is the native of the state. It is popularly known as bada elaichi in Hindi alainchi in Nepali is one of the World's ancient spices. Sikkim is the largest producer of large cardamom, constituting lion share of the Indian and world market (Gudade et al., 2013a) . It is a shade loving plant (Sciophyte) and grown in the tracks up to 1000 to 2200 m above mean sea level with well distributed rainfall spread around 200 days with a total of about 3000-3500 mm/year (Gudade et al., 2013b) . It is essentially a crosspollinated crop due to the heterostylic nature of its flowers, though they are self fertile. Bumble bee is the major pollinator in large cardamom due to its high pollination efficiency attributed to its big body size, foraging habit (Deka et al., 2014) . In recent year's productivity of large cardamom declined in Sikkim (Gudade et al., 2015) . There are several factors culprit for declination of productivity. Among the various reasons for low productivity, one finds the role of plant nutrients especially micronutrients of paramount importance. There is ample scope of increasing production by use of good agronomic practices as well as proper fertility management. Soil fertility is an ISSN : 0974-9411 (Print), 2231-5209 (Online) All Rights Reserved © Applied and Natural Science Foundation www.jans.ansfoundation.org important factor, which determines the growth of plant. Micronutrients increase plant productivity, leaf and grain yield. Most of the micronutrients are associated with the enzymatic system of plants. Whenever a micronutrient is deficient the abnormal growth of plant results which sometime cause complete failure of crops. Grains and flower formation does not take place in severe deficiency. The main sources of these micronutrients are parent material, sewage sludge, town refuse, farmyard manure (FYM) and organic matter. These nutrients are present in small amounts ranging from few mg kg -1 to several thousand mg kg -1 in soils (Wajahat et al., 2006) . Boron deficiency is reported from the North Eastern States of India (Prasad, 2012) . Among the micronutrients Boron is a micronutrient of special importance because of its role in the fertilization and flowering process. It also plays an essential role in the growth and development of new cells in the plant meristem. Facilitating pollination and fruit set is considered to be the most important function of boron besides its role in the synthesis of amino acids and protein metabolism. Application of boron (B) has received a great deal of importance in high responsive oil seed crops during the last few years, because of widespread occurrence of deficiency from different parts of India. Significant response of oil seed crops to the application of boron containing fertilizers have also been reported (Chakraborty and Das, 2000; Mandal et which has a strong ability to form complexes with diols and polyols, particularly with cis-diols inside the plant system (Loomis and Durst, 1992) . Among the elements required by plants that are taken up from the soil, B is the only element that is taken up by plants not as an ion, but as an uncharged molecule (Miwa and Fujiwara, 2010 (Welch et al., 1991) . Boron absorption by plant roots is closely related to pH and B concentration in the soil solution; and is probably a non-metabolic process (Brown and Hu, 1998) . The soil of Sikkim is acidic in nature having high organic matter content and poor in B content. There is no information is available effect of boron nutrition on large cardamom. Keeping these in view the present study was undertaken to find out the effect of boron on growth, nutrition and fertility status of large cardamom in Sikkim Himalaya. (Fig. 1 ) with 171 numbers of rainy days and maximum 29.2 °C and minimum temperature 5.4 °C (Fig. 2) recorded during the experimental period. Soil of experimental field was clay loam and had soil pH 4.7 (1: 2.5 soil and water ratio), 245.5 kg ha -1 alkaline permanganate oxidizable N, 28.30 kg ha -1 Brays P 1 , 199.3 kg 1 N ammonium acetate exchangeable K, 0.096 ppm hot water boron and 1.98 % organic carbon. The experiment was laid out in Randomized Block Design (RBD) comprising seven treatments viz., soil application of borax @ 2.5 kg ha -1 (T 1 ), soil application of borax@5.0 kg ha -1 (T 2 ), foliar application of borax@0.25% (T 3 ), foliar application of borax@0.5% (T 4 ), foliar application of borax@0.25 %+T 1 (T 5 ), foliar application of borax@0.5%+T 1 (T 6 ) and Control (T 7 ). All the treatments were replicated thrice during both the years. Large cardamom cultivar Sawney was selected and planted with the spacing of 1.5 m ×1.5 m during July 2011. Treatments were imposed as per the technical programme during April on words after the receipt of summer showers. The growth observations were recorded as per the standard procedures in two times in year i.e. September 2013 and March 2014. The plant samples collected were ground into fine powder and pass through a 40 mm mesh sieve and used for chemical analysis to find out the nutrient content in plants. Similarly, the composite soil samples were collected from 0-15 cm soil profile for analysis of nutrient content. The soil samples were air-dried, ground and passed through 100 mm mesh sieve and were analyzed. Standard laboratory methods were followed for analyzing the plant and soil sample to find out the nutrient content. The soil and plant samples were analysis at Division of Agronomy and Soil Science, Indian Cardamom Research Institute, Spices Board, Myladumpara, Kerala.
MATERIALS AND METHODS

RESULTS AND DISCUSSION
Growth Parameters of Large Cardamom: Critical appraisal of data revealed that, application of boron significantly affected the immature, mature tillers and vegetative buds (Table 1) . Among the boron treatments, foliar application of Borax @0.5%+soil application of Borax @2.5 kg ha -1 recorded the maximum values of immature tillers per clump (2.98 and 3.95) and mature tillers per clump (2.99 and 3.11) during both September, 2013 and March, 2014 and vegetative buds per clump (2.90 ) . It might be due to positive role of boron in meristamatic tissue development, whether these are root tips, tips of upper plant parts. Another possible reason may be, the better translocation of sugars in the form of sugar borate, which inhibits the production of phenolic acid and phenolic compounds, thus checked the necrosis. Nutrient Content in Large Cardamom Leaf: Data present in (Tables 2 and 3 ) clearly showed that boron application enhanced the nutrient content in leaf of large cardamom. However, its effect was statistically non-significant on K, S, Ca, Zn, Cu, Mn and Fe content and significant on N, P, Mg and B content in leaf. Among the treatments imposed to large cardamom, foliar application of Borax@0.5 %+soil application of Borax@2.5 kg ha -1 resulted in maximum N content (2.59 %), P content (0.18%), Mg (0.39 %) and boron April-2013 to March 2014 . This might be due to positive interaction of boron with N and P which facilitated the better translocation of these nutrients. Increasing supply of B increased the accumulation of B in roots and shoots were also reported in barley by (Nable et al., 1990; Akram et al., 2006) . Fertility status of experimental site at Kabi, North Sikkim: Perusal of data showed that soil fertility status, of boron nutrition failed to affect the soil fertility status except boron content in soil (Table 4) . Among the boron treatments, foliar application of Borax@0.5 %+soil application of Borax@2.5 kg ha -1 recorded the maximum value of boron (0.257 ppm). This was 62.25 per cent higher than the control. This might be due to soil application of borax coupled with foliar application simultaneously, which may enhance the soil solution boron.
Fig. 2. Graphical presentation of monthly average rainfall received during
Conclusion
On the basis of above study it is concluded that foliar application of Borax@0.5 %+soil application of Borax @2.5 kg ha -1 may be recommended to achieve the higher productivity of large cardamom in Sikkim, Himalaya.
